ABSTRACT. Albinism is a diverse group of hypopigmentary disorders caused by multiple-genetic defects. The genetic diagnosis of patients affected with albinism by Sanger sequencing is often complex, expensive, and time-consuming. In this study, we performed targeted next-generation sequencing to screen for 16 genes in a patient with albinism, and identified 21 genetic variants, including 19 known single nucleotide polymorphisms, one novel missense mutation (c.1456 G>A), and one disease-causing mutation (c.478 G>C). The novel mutation was not observed in 100 controls, and was predicted to be a damaging mutation by SIFT and Polyphen. Thus, we identified a novel mutation 2 J.J. Xue et al. Genetics and Molecular Research 15 (3): gmr.15038743 in SLC45A2 in a Chinese family, expanding the mutational spectrum of albinism. Our results also demonstrate that targeted next-generation sequencing is an effective genetic test for albinism.
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INTRODUCTION
Albinism is a common hereditary disorder characterized by decreased or lack of pigmentation in the hair, skin, and eyes. Based on its clinical phenotypes, albinism has been classified into the following types: ocular albinism, characterized by decreased pigmentation (primarily) in the eyes (Xiao and Zhang, 2009 ); oculo-cutaneous albinism, characterized by decreased pigmentation in the eyes, hair, and skin; and syndromic albinism (Berrueco et al., 2010) . Albinism is a highly heterogeneous genetic disorder with an autosomal recessive, autosomal dominant, or X-linked inheritance pattern. To date, approximately 16 albinismrelated genes (GPR143, TYR, OCA2, TYRP1, SLC45A2, SLC24A5, C10ORF11, HPS1, AP3B1, HPS3, HPS4, HPS5, HPS6, DTNBP1, BLOC1S3, and BLOC1S6) have been identified (Morgan et al., 2006; Badolato et al., 2012; Lowe et al., 2013) . Today, patients with albinism are primarily diagnosed by Sanger sequencing of one or more of these candidate genes. This approach may be time-consuming, expensive, and may not always identify the diseasecausing gene. Alternately, targeted next-generation sequencing (NGS) is a rapid, accurate, high-throughput, and relatively low-cost method. In this study, we performed targeted enrichment and NGS to screen for these 16 genes in a patient with albinism, and identified a novel missense mutation in SLC45A2.
MATERIAL AND METHODS
This study was approved by the hospital Ethics Committees, and informed consent was obtained from the patient and her parents. The patient, the only daughter of healthy non-consanguineous Chinese parents with an unremarkable family history, was born at term after an uneventful pregnancy, and presented white hair and skin. The patient was clinically diagnosed with albinism at the Department of Dermatology. The girl was referred to us at the age of 9 months (with her parents) for genetic counseling. The girl showed normal psychomotor development and displayed the characteristic features of albinism: white hair, white eyebrows and eyelashes, brown irises, and white skin ( Figure 1A ). Ophthalmoscopic examination revealed ophthalmologic abnormalities such as reduced retinal pigmentation with visualization of the choroidal blood vessels and foveal hypoplasia.
Genomic DNA was extracted from the peripheral blood leukocytes of the patient and her parents, using the DNeasy Tissue kit (Qiagen, Venlo, Netherlands) according to the manufacturer protocols. A capture array (NimbleGen; Roche, Basel, Switzerland) was designed to capture all coding regions and the intron/exon boundaries of the 16 target genes. DNA target capture, enrichment, and elution were performed according to the manufacturer protocols. The sequencing primer was hybridized and the base was incorporated using an Illumina HiSeq2000 analyzer (Illumina, San Diego, CA, USA) according to the standard sequencing protocols of the manufacturer. Image analyses, error estimation, and base calling were performed using Illumina Pipeline (v.1.3.4). After removing a few unqualified sequences, the clean reads were aligned against the reference human genome from the NCBI database. Single nucleotide polymorphisms (SNPs) were determined using the NCBI dbSNP and HapMap databases, least square mean determination, and the 1000 human genome dataset. Known disease-causing mutations were identified from the Human Gene Mutation Database (HGMD) or from mutations previously reported in the literature. The regions containing the novel mutations were amplified by polymerase chain reaction (PCR). Primers designed previously by Rundshagen et al. (2004) were used in this study. The PCR products were sequenced using the ABI Big Dye terminator cycle sequencing kit (Applied Biosystems) according the manufacturer instructions, and run on an ABI 3100 sequencer. The sequencing results were analyzed using DNASTAR ® .
RESULTS
Twenty-one gene variants, including 19 known SNPs, one novel missense mutation, and one disease-causing mutation ( Figure 1B) were identified in this study. The diseasecausing mutation (c.478 G>C) in SLC45A2 has been previously reported by Wei et al. (2011) and verified by Sanger sequencing ( Figure 1C ). Additionally, a novel mutation (c.1456 G>A) was identified in SLC45A2. This missense mutation, causing a substitution of the conserved (functionally important) alanine at position 486 with threonine ( Figure 1D ), has not been reported previously, and was not observed in 100 healthy controls. Sanger sequencing of the family members revealed a heterozygous mutation (c.478 G>C) in SLC45A2 in the father and a heterozygous c.1456 G>A mutation in the mother. This indicated that the mutations segregate with albinism in the family. Moreover, SIFT and Polyphen prediction demonstrated that the novel mutation (c.1456 G>A) was, in fact, a damaging mutation. These data indicate that this novel mutation may abolish the gene function and cause albinism in this family.
DISCUSSION
The human SLC45A2 (OMIM 606202) gene was mapped to chromosome 5p13.2 and encodes a protein containing 530 amino acids (Fukamachi et al., 2001) . SLC45A2 contains 12 putative transmembrane domains and may function as a membrane transporter, associated with tyrosinase processing and intracellular trafficking to the melanosome (Ko et al., 2012) . The novel SLC45A2 mutation (c.1456 G>A) located in the transmembrane domain 11 of the coding protein may disrupt the normal maturation of melanosomes. A missense mutation (c.1457 C>T) at this codon has been reported to lead to oculo-cutaneous albinism 4 (Rundshagen et al., 2004) , suggesting that the alanine 486 plays a key role in the function of the transmembrane domain and the SLC45A2 protein. The major limitation of this study is that the novel mutation (c.1456 G>A) was only identified in one patient. Therefore, this variation must be scanned in more samples and its pathological mechanism must be analyzed in further studies. In summary, we have identified a novel c.1456 G>A mutation in SLC45A2 in a family with albinism, adding to the repertoire of SLC45A2 mutations. Moreover, our results demonstrate that targeted NGS is an effective genetic test for albinism.
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